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 «Optical Property of  Multiferroic BiFeO3 Film»  
 H. Shima et-al, Integrate Ferroelectrics, 106: 11-16 (2009) 
 
 
 
 
 
 
 
 
 
 
                      (Eg~2,7-2,8eV)440-460 nm Optical Band Gap
 
    Pt Reflectivity Spectrum 600-1600 nm       
 
                     Pr ~ 30 C/cm2  r ~ 280
 
 
Hysteresis Loops of  BFO-PT Thin Film                           Plot of  𝜶𝒉𝝂 𝟐  𝒗𝒔   𝒉𝝂 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
X. Zhou et-al , Applications of  Ferroelectrics, 2009, ISAF. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Optical transmittance spectrum of  410 nm-thick PLZT thin film 
 W. Leng et-al, J. Mater Sci: Mater Electron (2007) 18:887-892 
 T. Choi, et-al, Science 324, 63 (2009). 
 
 
 
 
 
 
 
 
 
Zero bias photocurrent density as a function of  time with Green 
(532nm)/Red light(650nm). Photoexcited carriers across the bulk 
optical gap (2.5 eV) dominate the PV effect. 
 Polarization Gradient Conditions: R. Kretschmer and K. Binder, PRB 20, 1065 (1979). 
                                                                                        E. Eliseev, J. Mat. Sci. (2009) 44:5149 
 
 
 
 
 
 Electrical Susceptibility  (z) 
 
 
 
 
 𝐹 → 𝐹 𝜆2  
 
                                  LGD-free energy functional expansion. 
 
 
 
 
 
 
 
 
 
 D. Ly-Gagnon et-al, IEEE Journal of  Selected Topics in Quantum Electronics, 14 No 6 1473 (2008) 
 Dielectric Permittivity  
 ,  : Functionals of  𝜒∞ , 𝜉𝑏, 𝜔, 𝜆2… 
 
 
 
 Transfer Matrix 
 
 
 Non-trivial coupled Ferroelectric-metallic Impedance for 
normal incidence: (Boundary Conditions) 
 
 
 
 
 Free space Impedance: 
 
 
 
Lambert-Beer-Bouguer 
(LBB) (𝛼) ℛ 
 Linearization Procedure 
 The reflectance response for an inhomogeneous ferroelectric film has been 
obtained by introducing a hyperbolic approximation in the polarization field 
profile. 
  
 The polarization profile is rendered by modifying two intrinsic quantities: 𝜉𝑏 
and 𝜆1(2). 
 
 The complete set of  solutions for EM fields and their corresponding matrix 
coefficients 𝜏𝑖𝑗 are explicitly presented/Obtained. 
 
 The reflectance and the absorption coefficients are highly driven by the cut-
off  plasma frequency 𝜔𝑝 and characteristic length 𝜆2. 
 
 Incident light is totally reflected for 𝜔 < 𝜔𝑝 while absorption, transparency 
and transmitted light effects arise for 𝜔 > 𝜔𝑝.  
 
 
 
 
 Since charge transfer processes control in the interface FE/Metal 
seems to be crucial for engineering tunability and optical band gap, it 
becomes necessary to include more realistic effects associated to 
transport or injected charge during polarization of  ferroelectrics and 
/or local depolarization field due to defects. 
 
 
 
 
 
 
 
 Two layer model capacitor (S. V. Tolstousov, A. A. Grekov and A. S. Tolstousov, Bulletin of the Russian 
Academy of Sciences: Physics, Vol. 71, pp 721} (2007)) 
